Antibodies to chromatin proteins of Novikoff hepatoma cells formed precipitin bands in the double-diffusion immunoprecipitation assay with chromatin proteins of Novikoff hepatoma, Walker 256 carcinosarcoma, and 18-day fetal rat liver. The antigen used for preparation of antiserum was the chromatin proteins initially extracted with 3 M NaCl-7 M urea and soluble after dialysis to 0.14 M NaCI-0.35 M urea. The chromatin proteins used for analytical studies were extracted with 0.6 M NaCl containing 0.01 M Tris-HC1 (pH 8) and 100 IAM phenylmethylsulfonyl fluoride. Corresponding chromatin proteins of normal and 18-hr regenerating rat liver, heart, and kidney did not form precipitin bands.
phenylmethylsulfonyl fluoride. Corresponding chromatin proteins of normal and 18-hr regenerating rat liver, heart, and kidney did not form precipitin bands.
The antigen was purified from the chromatin of Novikoff hepatoma cells by exclusion chromatography on Sephadex CS150 and preparative nondenaturing polyacrylamide gel electrophoresis. Its migration on denaturing sodium dodecyl sulfatepolyacrylamide gels corresponded to a molecular weight of 26, 000 . Amino acid analysis showed that the ratio of acidic to basic amino acids was 1.4 to 1.0. Evidence for its homogeneity included its migration as a single protein spot on two-dimensional polyacrylamide gel electrophoresis and its single lysine amino-terminal amino acid. This protein is a glycoprotein, as shown by the presence of 15 These studies demonstrate the presence of a fetal glycoprotein in the chromatin of two tumors that may have an important role in determining their gene products. Although there are several classes of unusual antigens in neoplastic cells, including the carcinoembryonic antigens (1), afetoproteins (2) , and "preneoplastic antigens" (3) , there are relatively few reports of nuclear tumor antigens. Some antigens that result from oncogenic virus-induced transformation are localized to the nucleus of tumor cells, including the tumor (T) antigen of simian virus 40 (4) and the Epstein-Barr virus-associated nuclear antigen (5) . "Extractable nuclear antigen" as described by Morris et al. (6) is nuclear in localization but not clearly the result of virus infection. Such antigens are of interest for their potential diagnostic value and also as tools for the isolation of specific mRNA species by selective precipitation of polysomes containing the nascent chains of antigens (7, 8) .
Using the methods of Chytil and Spelsberg (9), Wakabayashi and Hnilica (10) reported the development of specific antibodies to tumor nonhistone protein-DNA complexes. Zardi et al. (11) found that rabbits produced antibodies to tumor specific nonhistone protein of chromatin. In hepatomas induced by 4-dimethylaminoazobenzene, Baldwin and Barker (12) also found new antigens in tumor cells. More recently, it has been recognized that some tumor antigens are synthesized during specific stages of the cell cycle (13, 14) .
Our earlier studies using two-dimensional polyacrylamide gel electrophoresis techniques demonstrated that there are nonhistone proteins in the nuclei and chromatin of rodent tumor cells that were either present in very small concentrations or were absent from normal rodent tissues (15, 16) ; these proteins include nuclear nonhistone protein spots CG', CH', Cg', C15', and CP'.
The present studies were designed to test whether any of these nonhistone proteins might be specific antigens extractable from chromatin of tumor cell nuclei (17) with low salt concentrations. This report describes the isolation of one antigen, referred to as NAg-l, from the chromatin proteins (soluble in 0.6 M NaCl) of Novikoff hepatoma nuclei, and its partial characterization.
MATERIALS AND METHODS Preparation of Antisera to Nuclear Protein Fractions. Chromatin from 0.025 M citric acid (pH 2.5) nuclei (18) was dissociated with 3 M NaCl-7 M urea, and nucleohistone was precipitated by dialysis to 0.14 M NaCl (19 (23) in the presence of 100MM PMSF (20) . The (24) and centrifuged at 100,000 X g for 18 (26) .
Ouchterlony Double-Diffusion Analyses. A solution containing 0.8 g of Seakem agarose (Bausch and Lomb, Rochester, N.Y.), 100 ml of 0.9% saline, and 0.1% Thimerosal (wt/vol) was heated to 900 and poured in 60 X 15 mm petri dishes (27) (29, 30) . For determination of hexosamines, lyophilized protein was dissolved in 4 M HCl, sealed under reduced pressure after removing air, and hydrolyzed for 6 hr at 110° (31) . Hydrolysates were analyzed by the two-column methodology of Spackman et al. (32) . Amino sugars were identified by an extended short column procedure similar to that used by Liu and Chang (33) .
RESULTS
Immunodiffusion Analysis of 0.6 M NaCI Extract of Novikoff Hepatoma and Walker 256 Carcinosarcoma Chromatin. The nonhistone chromatin proteins extracted from Novikoff hepatoma chromatin by 0.6 M NaCl were placed in one well of an Ouchterlony double-diffusion plate and antiserum in the other. Two lines of precipitation formed; the line closest to the antiserum appeared first and was followed by a denser line near the 0.6 M NaCl extract (Fig. la) . Comparison of the extract of Novikoff hepatoma with the corresponding fraction from the Walker 256 carcinosarcoma in a doublediffusion plate revealed that there was a common precipitin line between the Novikoff and Walker extracts (Fig. lb) . As a control, the antiserum was preadsorbed with 0.6 M NaCl extract from 18-hr regenerating rat liver chromatin; this preadsorbed antiserum still formed an immunoprecipitin band with antigen in the Novikoff hepatoma chromatin extract (Fig. ic) , as did antiserum preadsorbed with 0.6 M NaCl extract from normal rat liver chromatin.
Immunodiffusion Analysis of 0.6 M NaCl Extract of 1S-Day Fetal Rat Liver Chromatin. Examination of the 0.6 M NaCl extract of fetal liver with antibodies against tumor protein produced the results in Fig. 2 , which shows a confluency in the line forming between Novikoff extracts in wells B and E and the fetal rat liver chromatin extract in well A.
To eliminate the possibility that contaminating serum proteins were responsible for the antigenicity, we collected the serum of normal and tumor-bearing rats, as well as tumor cell membranes and cell-free ascites fluid, and analyzed them on double-diffusion plates. No precipitin bands were detected.
Serum from normal rabbits did not produce precipitin bands with 0.6 M NaCl extract of Novikoff hepatoma chromatin. In addition, the 0.6 M NaCl extract from rat kidney and heart cell chromatins did not produce any precipitin bands.
Immunodiffusion Analysis of Cytosol Microsomal Fractions of Novikoff Hepatoma and Normal Rat Liver. Cytosol FIG. 3. (a) Ouchterlony double-diffusion analysis of normal rat liver cytosol. Aliquots of partially purified antigen were placed in wells A and D. Normal rat liver cytoplasm was centrifuged at 150,000 X g for 4 hr. Aliquots (15 mg of protein per ml) from the pellicle were placed in well B, cytosol in well C, bottom half of the tube in well E, and the 150,000 X g pellet in well F. Precipitin band formation was detected after 18 hr of diffusion. (b) Ouchterlony double-diffusion analysis of cytosol of Novikoff hepatoma ascites cell. Aliquots of partially purified antigen were placed in wells A and D. Novikoff hepatoma cytoplasm was centrifuged at 150,000 X g for 4 hr. Aliquots (15 mg of protein/ml) from the pellicle were placed in well B, cytosol in well C, bottom half of the tube in well E, and the 150,000 X g pellet in well F. Precipitin band formation was detected after 18 hr of diffusion.
fractions from normal rat liver and Novikoff hepatoma cells were placed in wells of an Ouchterlony double-diffusion plate. Partially purified antigen was included in each precipitin test. Cytosol and microsomal fractions from normal rat liver did not produce a precipitin band (Fig. 3a) . The cytosol and microsomal fractions from 18-hr regenerating rat liver chromatin were also negative. All of the cytoplasmic fractions of the Novikoff hepatoma cells produced precipitin bands which joined to form a ring of precipitation (Fig. 3b) . The strongest line of precipitation was observed between the microsomal fraction (well F) and the antiserum, indicating that substantial amounts of NAg-i are associated with the polysomes. Cytosol fraction obtained from fetal rat liver cells and placed in well C of Fig. 2 Nondenaturing Disc and Preparative Slab Gel Electrophoresis. After polyacrylamide gel electrophoresis of fraction IV of Sephadex G-150, the nondenaturing disc gel (see Materials and Methods) had the pattern shown in Fig. 6 . The band labeled NAg-1 was the only one that formed a precipitin arc in the Ouchterlony system when a nonstained gel was buried in agarose and developed with antiserum. In addition, preparative nondenaturing slab gel electrophoresis was done; the stained side-tracks were used to aid in cutting the antigencontaining slice from the slabs. Antigen was electrophoresed from the slices into tubes fitted with dialysis membrane and the purified protein was collected (34) .
Two-Dimensional Polyacrylamide Gel Electrophoresis. Isolated antigen was lyophilized and dissolved in 0.9 M acetic acid, 10 M urea, and 1% 2-mercaptoethanol and subjected to two-dimensional gel electrophoresis (Fig. 7) . With very large amounts of protein, one dense spot was found along with a few very faint spots. On the migration plot shown in Fig. 8 , a molecular weight of 26,000 was calculated for the antigen. The antigen spot migrated in the vicinity of protein spot B5 (10) .
Characterization of Isolated Antigen. The amino acid analysis (Table 1) shows that the antigen had a ratio of acidic: basic amino acids of 1.4 to 1; the corresponding ratio for histones is 0.17-0.58 (35) 22 hr at 1100. The composition reported here was the average of two determinations with 5.7 M HCl. The tryptophan value was determined from the hydrolysis with mercaptoethanesulfonic acid. The acidic/basic ratio was calculated from the basic amino acids lysine, histidine, and arginine and the acidic amino acids aspartic and glutamic acids. The amino terminus was determined by the dansyl procedure (28) .
as well, and efforts are being made to determine this. This antigen was absent from chromatin and cytoplasmic fraction of normal and 18-hr regenerating rat liver, rat heart, and rat kidney. Its absence from 18-hr regenerating rat liver suggests that this protein is probably not a growth specific antigen, since this time point reflects the presence of cells in Go, G1, and S phases of the cell cycle but not the G2 or M phase (36) . The regenerating rat liver was used 18 hr after hepatectomy because it contains increased amounts of C region nonhistone chromosomal proteins CP, C21, C18, CQ, C15, and CT recently described (22) . Double-diffusion tests on sera of normal and tumor-bearing rats, as well as on cell-free ascites fluid after removal of the hepatoma cells, showed that this antigen is not a component of serum. Although the cytosol fractions of the Novikoff hepatoma and the fetal liver contain an immunologically similar antigen (see Fig. 2 , spurs) to the nuclear antigen (NAg-i), cytosol of the Walker tumor did not contain this antigen. It remains to be shown whether the cytoplasmic antigen is chemically identical to the nuclear antigen, which would then permit its designation as a "cytonucleoprotein", i.e., it is present in both chromatin and cytosol fractions of the cell. Since the antiserum used in the assay of antigen activity was derived from nuclei prepared in 0.025 M citric acid, cytoplasmic contamination of the isolated chromatin is very unlikely. The purity of the citric acid nuclei used and the absence of associated perinuclear contaminants has been established (.18).
Despite prior reports of nuclear antigens in tumors, few, if any, have been highly purified. The present study describes the partial characterization of NAg-1, a glycoprotein, from 0.6 M NaCl extracts of Novikoff hepatoma chromatin. This antigen was purified to electrophoretic homogeneity by conditions that maintain its nativeness immunologically, as shown by its ability to form a precipitin band after its purification. Its apparent molecular weight on denaturing two-dimensional gel electrophoresis is approximately 26,000. Its single amino-terminal lysine and its migration as a single major spot on a denaturing two-dimensional polyacrylamide gel indicate that it is highly purified. Its amino acid composition shows it to be moderately acidic in composition. The identification of galactosamine on the amino acid analyzer indicates that NAg-l is a glycoprotein and one of the first glycoproteins to be isolated from nuclear chromatin.
The possibility was considered that this protein is a nuclear protease as described earlier by Furlan et al. (37) , Weisenthal and Ruddon (38) , and Chong et al. (39) . The proteolytic activity associated with the 0.6 M NaCl extract of Novikoff hepatoma chromatin has been separated from the antigenic activity during the gel filtration steps of the purification, as assayed in radial diffusion assay plates.
The presence of a fetal protein in cytoplasmic and nuclear fractions of neoplastic cells raises questions regarding its function. If such a protein exerts a stimulatory effect on cell growth that is not inhibited in adult tsssues because of the lack of fetal repressor mechanisms, its continued presence may account for the uncontrolled growth of the tumor cells.
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